Pure rotational spectra of 1,1-Difluoroethylene (1,1-DFE) in the vibrational ground state (GS) and in excited vibrational states (EVSs) have been investigated by double resonance modulation (DRM) microwave spectroscopy in the range from 12 GHz to 40 GHz, and by millimeterwave spectroscopy in the range from 90 to 260 GHz.
Introduction
studied by a number of researchers [2] [3] [4] [5] [6] [7] with the low-resolution IR-and Raman-techniques of the period until 1975. By that time, the vibration frequencies and the description of the twelve fundamental modes of 1,1-DFE were conclusively established, and disagreement between different workers was confined to the frequency of the IR-inactive A2 torsional mode v6 [2] [3] [4] , In 1981 Lafferty et al. [8] reported the investigation of the modes v4 and v6 by high-resolution diode laser technique, and by heterodyning their diode laser against C02 laser lines they were able to measure the rovibrational IR transitions to better than ± 6 MHz (± 0.0002 cm" 1 ). They derived the GS constants necessary for the analysis of the two bands from 128 known [14] [15] [16] [17] [18] [19] rotational transitions and 10 GS combination differences from their own work.
The advent of the high-resolution FT-IR technique in the late 1980s prompted detailed investigations of further selected vibrational bands of 1,1-DFE [9] [10] [11] [12] in recent years. Unfortunately, the latter workers [9] [10] [11] [12] chose to disregard the large body of high-precision data on the GS and on rotationally analysed EVSs, The GS rotational spectrum of 1,1-DFE was first investigated by Edgell et al. [13] in 1957, and Laurie and Pence [14] subsequently reported the GS spectra of four isotopomers and deduced the restructure of 1,1-DFE. Their work was extended in several studies by Chauffoureaux [15] in the 1960s. During the same period Thomas [16] , in an attempt to clarify centrifugal distortion effects, extended the Q-branch assignments in the GS spectrum to J = 50 and obtained the first millimeterwave transition frequencies of 1,1-DFE from Cook [16] . Flygare and Lo [17] deduced magnetic parameters of 1,1-DFE from the splitting of GS rotational transitions in an applied magnetic field, and their study added the frequency of seven Q-branch lines in the range 3-6 GHz to the body of rotational data on the GS. A refinement in accuracy of four transition frequencies was reported by Casleton et al.
[18] from a molecular beam experiment in 1976. In the same year, Baskakov et al. [19] reported a fresh investigation of the GS spectrum and they fitted 150 transitions (which remain unpublished) with frequencies up to 650 GHz to Watson's Hamiltonian [20] in III 1 representation. The deduced GS constants allowed them to assign a transition of 1,1-DFE, which had earlier been found [21] to coincide closely with the 337 pm HCN laser line and which had subsequently been measured accurately [22] 
Experimental and Computational Aspects a) Experimental
The sample of 1,1-DFE was supplied by the Aldrich Chemical Company, Inc., with a quoted purity of 99%. It was used without further purification.
Measurements by DRM microwave spectroscopy [27] were carried out between 12. and line measurements are estimated to be accurate to ± 10 kHz. The recording of spectra and data acquisition was carried out with the computer controlled system described previously [30] .
Infrared measurements of fundamentals up to 1350 cm -1 were conducted at the Bruker company with the FT-IR instrument IFS 120 HR. For the comparatively weak v10-band, a multipath absorption cell (White cell) was attached to the instrument. It was set to an effective pathlength of 340 cm and contained the 1,1-DFE vapour at a pressure of 3 mbar. A mercury arc lamp provided the IR radiation, which was detected by a Ge-bolometer. The interferogram was built up from 256 scans and the nominal resolution was 0.0039 cm" 1 . The wavenumber scale of the instrument was calibrated against accurately known [31] absorptions of H20, which was contained in the sample as an impurity.
b) Computational
The frequencies or wavenumber values of assigned rotational and/or rovibrational transitions were fitted with the help of computer programs [32, 33] to Watson's A-reduced Hamiltonian [20] tor between the two parts of the square bracket [20] .
In view of the near-oblate character of 1,1-DFE, rotational spectra were also fitted [33] The main effect in the fits to the S-reduced Hamiltonian is a sometimes lower standard error of the parameters and a more acceptable matrix of correlation coefficients.
Results
1,1-DFE is a small planar molecule and belongs to the symmetry point group C2v. Its inertial properties make it a slightly asymmetric oblate top. Ray's asymmetry parameter is K ~ 0.797 in the GS and does not change significantly in EVSs. Its GS dipole moment is pa = 1.382(3) D [23] , and on that account absorption lines of the GS can be observed in all frequency ranges. Weak rotational transitions of the higher excited vibrational states in the close vicinity of GS transitions could not always be resolved from the latter, and overlapping transitions from different EVSs sometimes gave rise to erroneous frequency measurements in the MMW-range. As a result, the number of fitted rotational transitions for each EVS is significantly smaller than for the GS. Nevertheless, for the four excited states v10 = l,2, v6 = l, and v12 = l sufficient data could be established to allow a determination of sextic distortion constants, while for the states vu = 1, v4 = 1, and v9 = 1 only rotational and quartic distortion constants could be derived. - Figure 1 attempts to provide an overview of the EVSs which are the topics of the present study.
Dnly quartic distortion constants determined. of IR-derived differences, most of them weighted down by 10 ~4, was retained, however, on the ground that these Co'Dis agreed with the data from rotational techniques to better than ±6 MHz (±0.0002 cm" x ).
The final rotational parameters of the GS were derived by a fit of the described data with the computer routine by Gambi et al. [32] . They are collected in Table 1 a, where they are given in both wavenumber-and frequency units. The correlation matrix of the fit is included at the bottom of the table.
The program [33] at our disposal (at Kiel) for the S-reduction [20] of the data is designed for the fit of 
The Vibration State v 10 = 1
The state v10 = 1 is the lowest EVS of 1,1-DFE and belongs to the C2v symmetry species Bt. It is qualita- The rotational parameters derivable from the MW and MMW rotational transitions within v10 = 1 together with those of the vibrational GS (Table 1, above) provided an ideal basis for the analysis of the B type IR band v10, as initially observed on the IFS 113 v (Fig. 3) since their precision is estimated to be at least 100 times higher than that of the IR data.
The rotational parameters of the EVS v10 = 1, which resulted from the described data, are collected in Table 2 a and are given in the same format as adopted for Table 1 Table 2 a, the 247 rotational transitions in that state were also subjected to LSQ-fits in both the A-and S-reduction. The resulting parameters are collected in Table 2 weak for a rovibrational analysis. This situation adds importance to the study of these three vibrational levels by purely rotational spectroscopy.
A-B B Aj
Following the identification and rotational assignments of the three satellite spectra in the MW range by DRM-techniques in the early 1980s [26] , a further pool of 186, 143, and 88 transitions of the spectra of Vj2 = 1, Vg -1, and v10 = 2, respectively, were added in the MMW range. Thus, for all three states, a sufficiently large number of transition frequencies was available to make the determination of sextic distortion constants at least qualitatively meaningful.
Results of the fits of these three spectra are given in Table 3 a for the A-reduction and in Table 3 Purely rotational transitions within these two EVSs were too weak for observation with the MMW spectrometer (Boltzmann factor at room temperature: The purely rotational spectra of these three states were fitted in both the A-and the S-reduction with sextic distortion constants fixed to the GS values of Table 1 . The results are collected in Table 4 . The correlation matrices of these fits indicate the same slight superiority of the S-reduction over the A-reduction as apparent for the v10 = 1.
Conclusion
The combination of the new MM W-data for the GS of 1,1-DFE with all the previous MW-data [13] [14] [15] [16] [17] [18] [19] 23, 26] , with data from laser-Stark- [23] and diode laser [8] spectroscopy, and with selected GS combination differences extracted from six high-resolution FT-IR bands, leads to an optimized set of rotational parameters for this molecule. For comparison with previously published sets, the present are given in both the A-reduction ( Table 1 a ) and the S-reduction (Table 1 b ).
These GS parameters are hoped to facilitate future work on the spectra of 1,1-DFE. 
